There is little consensus as to why there is so much variation in the rates at which 
species showed idiosyncratic responses to climate warming; some expanded their ranges in 1 both periods, some in only one period, and some retracted in both periods 13 (Table S1 ).
2
We studied 25 southerly-distributed butterfly species which have the potential to extend their 3 distributions under climate change (migrants, northern and ubiquitous species were excluded, 4 further exclusions were due to insufficient data). We quantified changes in distribution area where it was included it showed a negative relationship. This unexpected relationship
10
suggests that once habitat availability was accounted for, less dispersive species did not fare 11 any worse than more dispersive species.
12
In the later study period, 11 species extended their ranges (mean change = to the first period, the best fitting model included only abundance (Table 1a ; Fig 1b) .
16
Distribution change showed a positive association with abundance change (R 2 = 0.15, that increased overall abundance was a consequence rather than a cause of expansion (Table   10 1b). This implies that species with generally stable abundances in long-established 11 populations exhibit density-dependent, positive population growth at newly-colonised sites 21 .
12
In contrast, species with steeply-declining abundances in long-established sites would be 13 unlikely to produce many migrants and may show negative population growth at newly-14 colonised sites, and hence fail to establish and expand their ranges 22 .
15
We further tested these determinants of distribution changes by examining factors associated 16 with colonisation in the subset of species that expanded their ranges in the second study 17 period (N = 11 species; see Fig. 2 and SI). We found that habitat availability was the most 18 important explanatory variable of median colonisation distance (R 2 = 0.55, species breeding habitat were identified using expert opinion 14 , and weighted based on the 10 frequency with which species distribution records were associated with that landcover type
11
(see SI). Change in abundance from the UKBMS transect dataset was calculated for 12 continuously-occupied transect sites, but subsequent analyses also included recently-13 colonised sites (see main text). To estimate change in abundance for each species, log 10 14 abundance index was regressed against year 16 , with transect site as a random variable.
15
For each species during the second study period, we quantified colonisation distances from curves were used in analyses (Table S5) .
23
Annual temperature data from the Central England Temperature series were downloaded 1 from the UK Met Office (http://www.metoffice.gov.uk) to compute temperature change. (Table 1) . 
